Introduction
First trimester ultrasound is widely available and commonly done. Accurate dating influences the effectiveness of screening tests and validity of growth assessment and timing of delivery throughout the rest of the pregnancy. 1 Correct dating may also decrease the rate of inappropriate diagnoses of post-term and post-date gestations as well as reduce the numbers of inappropriate inductions of labor for this indication. 2 Furthermore, appropriate dating of a pregnancy is also crucial when establishing gestational age (GA) at the extremes of viability. 3 The sensitivity and accuracy of these scans are affected by the gestational age at which they are performed. 2 Therefore, knowledge of which biometric measurements can be used and which population growth curves in the first trimester are available can allow a clinician to perform the most accurate ultrasound dating for his/her patient population.
Establishment of current dating criteria
Traditionally, regression analysis has been used to establish the relationship between GA and a biometric fetal parameter. This method uses an independent variable [GA based on last menstrual period (LMP) or, in assisted reproductive technology (ART) pregnancies, the date of fertilization] to predict the value of a dependent variable (normal fetal size at a given GA). In order for these data to be meaningful, the clinician must know the GA of the fetus with considerable accuracy. 4 True accuracy cannot be determined since the actual sizes of embryos and early fetuses are not usually available for measurement to compare to ultrasound measurements, and when actual fetuses are available the most common situation is a pregnancy loss which would not represent the norm. For this reason, the populations of women that are used for these studies usually have either a certain LMP with a history of regular menses or are women who have undergone ART.
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The work of Robinson and Fleming in 1975 and the work of Robinson in 1973 formed the basis of first trimester dating, using ultrasound. These studies looked at crown-rump length (CRL) measurements among women with certain menstrual dating using static trans-abdominal (TA) ultrasound images. The authors then used a weighted nonlinear regression model to obtain a best-fit curve. They developed a growth chart and concluded that the 95% confidence interval for predicting GA from CRL was ±5 days in the first trimester. 5, 6 Since the initial articles, these findings have been verified, and thus CRL is thought to be the most accurate measurement for determining GA in the first trimester. 7 Other studies found that variability in dating, based on CRL, increased as GA increased.
6−8 These findings called into question the time period over which CRL is an appropriate measurement for determining GA. In 1992, Hadlock undertook a re-evaluation of CRL measurement in the first trimester using trans-vaginal (TV) ultrasound. Using women with certain LMPs at gestations from 5−19 weeks; Hadlock used a TV ultrasound on women with pregnancies at less than eight gestational weeks, a TA ultrasound on women with pregnancies over 14 weeks, and a combination among women with pregnancies from 8-13 weeks. In this study, CRL as small as 2 mm were measured. The population was predominantly white middle class women. 7 Using these data Hadlock constructed a growth curve and found that the standard deviation increased as GA increased. The authors concluded that although their findings fit with the error for the previous model of Robinson and Fleming, the error from predicting GA should not be ±5 days, but ±8% of the GA from 5-18 weeks to account for greater variation with increasing GA. 7 Both TA and TV ultrasound may be utilized for measuring CRL, but at early gestations, TV allows for better visualization of the embryonic pole. 9 Since the work of Robinson, Fleming, and Hadlock, many other studies have validated this original data; this remained unchanged, despite the advent of more advanced technology.
2−4,10 A weakness of these studies is that they were done in a predominantly white population and did not take maternal characteristic into account. 2, 11, 12 Gestational sac versus CRL?
As pregnancies are being dated earlier and earlier in the first trimester, more frequent scans show a gestational sac alone and no embryonic pole. The first sign of an intrauterine pregnancy on TV ultrasound is the gestational sac, seen from gestational days 28-31. At this stage the embryo is a primitive streak, not visible on ultrasound. The gestational sac increases in size by about 1 mm per day. 3 The earliest embryonic pole can be identified at 35 days. 13 At this stage the embryo is 1-2 mm and increases by about 1 mm per day. The cephalic and caudal ends cannot be differentiated and the embryonic length is typically measured in a straight line. By about six weeks, the cephalic and caudal ends can be distinguished by the presence of the hind-brain at the cephalic pole. 3 At this stage the embryonic head is flexed and it is the neck-rump length that is measured. 3 At about eight weeks the embryo is about 18 mm long the cephalic and caudal poles are easily identified, limbs can be seen, and a true CRL can be measured. 3 Ultrasound technology balances the ability to magnify the image with the available resolution, such that an embryo may be only 1+ mm, but the resolution upon magnification is so poor the calipers cannot be clearly placed at the poles. Since first trimester dating charts often use CRL, at early GA when the fetal pole is not yet visualized, can gestational sac be used in its place?
The use of measuring the gestational sac to estimate GA was first described by Hellman et al in 1969.
14 It was also described by Robinson in 1973 and has been examined in multiple subsequent studies. 3, 5 One prospective cross-sectional study compared measuring gestational sac, CRL, amniotic sac, yolk sac, and biparietal diameter (BPD) in early first trimester using TV ultrasound. This study found that measurement of mean gestational sac diameter estimated GA with variability of ±12 days; compared to CRL, which can be easily obtained and had a variability of ±8.6 days. They concluded that the CRL is more accurate and is the preferred measurement. 10 Goldstein found that using a regression model and measurements of CRL from a TV ultrasound in the early first trimester, that they could predict GA within ±3 days. 15 The general consensus is that measuring the gestational sac is less accurate than using the CRL to estimate GA. 3 The mean gestational sac diameter may be used if the embryonic pole is not visualized, with the understanding that at these very early GA there will be more error if using gestational sac diameter alone. 9 The CRL is generally used for embryos from 20-60 mm in length. 4 Many authors in the field advocate for the use of CRL prior to 14 weeks and the use of other biometric measurements like BPD, head circumference (HC), abdominal circumference (AC), and femur length (FL) after 14 weeks. In principle a single linear measurement will demonstrate less variation upon repeated measures than the variation that is amplified by using multiple biometric measures. Conversely, at 12 weeks the fetus is able to flex and extend the neck, thereby altering the CRL. Some authors have argued that BPD would be more accurate after 12 weeks 
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First trimester biometry gestation for this reason. 2 One study, examining the most accurate measurement for dating at 12-14 weeks gestation among in vitro fertilization pregnancies found substantial variation in CRL after 12 weeks and concluded that this was likely largely due to fetal neck flexion and extension. 16 It is recommended that the CRL measurement be performed when the fetal head is in a "neutral" position. The authors concluded that the variation in measurement of CRL may be due to having no standard definition for what a "neutral" position of the fetal head is, thereby creating variation in measurements among different examiners who were using different interpretations of the "neutral" position of the fetal head. 16 Many of these other measurements are possible in the first trimester and some authors have argued that they may provide more accurate dating than CRL. These measurements are feasible at 11-16 weeks, but their accuracy in predicting the day of delivery is not clear due to the lack of reliable growth charts. 17 Some authors argue that there is a necessity for growth charts for BPD, FL, and AC in the first trimester because these measurements could provide more accuracy at predicting poor first trimester growth than merely CRL. 18 Authors have gone so far as to create growth charts using data they have collected. 18 However, many others argue that these biometric measurements are technically difficult and difficult to reproduce among different ultrasonographers.
One study looked at pregnancies between eight and 16 weeks and measured CRL, BPD, and FL and then assessed which measurements were best for predicting the day of delivery. The study included women with both certain and uncertain LMPs. The majority of the study participants had a certain LMP. The investigators used linear regression models and compared results using different measurements. They found that CRL was more accurate than BPD at 15-60 mm, but that BPD was superior at 13 weeks and after. FL was not as accurate as either CRL or BPD. 17 In second trimester fetal biometry, there is significant improvement in the accuracy of predicting GA when more than one biometric parameter is used. 4 However, in this study of first trimester biometry, the authors found that combining measurements did not increase accuracy or precision, likely because since there is inherent variation with each parameter and the composite variation is then amplified when determining the overall GA. They concluded that CRL was the best measurement for up to 12.5 weeks and BPD was the best measurement after 13 weeks. 17 Another study looked at the reproducibility of different fetal measurements in the first trimester and found that CRL had the highest intra-and inter-observer reproducibility. 19 CRL has smaller standard error than other biometric measurements and studies have shown that limb length in the first trimester is more highly correlated to CRL than to GA. 20, 21 Most data indicate that CRL is still the most accurate biometric parameter in the first trimester and that fetal parts should not be measured until the 12th to 13th week of gestation.
The CRL becomes less accurate after 14 weeks GA and at that point generally BPD, HC, AC, and FL are more accurate. In the 1991 study, 7 Hadlock also concluded that CRL could accurately approximate GA in the early second trimester, but not more so than the more traditional measurements of BPD and FL. CRL is a less reliable measurement after 14 weeks and BPD and FL are generally more accurate at this GA. For women who present at or beyond 14 weeks GA, HC, or BPD is recommended over CRL. 3 Ultimately it is the time frame of 12-14 weeks that may be harder to apply these recommendations, where the limitations of CRL and BPD, HC, FL, AC are apparent, particularly inopportune as many women present at this time for first trimester genetic screening (see below). A large study investigating the use of CRL together with BPD at this time frame is merited.
First trimester measurement and ethnicity
Several studies have been conducted looking at maternal factors and fetal factors and how they affect first trimester growth and growth norms. Some authors argue that there is no evidence that fetal gender and ethnicity significantly influence second trimester measurements and therefore it may be intuited that they do not affect first trimester measurements either. 2 Others state that ethnicity has a significant influence on the fetal BPD, FL, and AC. They argue that the published CRL dating formulae were based predominantly on Caucasian populations and it is not known if ethnic differences in CRL exist 12 or if they do exist, whether they are of clinical significance.
Bottomley et al looked at maternal age and ethnicity, and found that the rate of growth for fetuses was increased with increased maternal age and a higher growth rate among women with Black ethnic origin compared to either White or Asian maternal ethnic origin. 11 Conversely, others examined the accuracy of growth charts developed by Robinson in 1973 and Hadlock in 1991. 2, 11 Both studies found that the charts developed by Robinson and Hadlock have high correlation with CRL measurements in different populations, including Australian and ethnic Chinese populations. 2, 12 In reviewing the literature spanning the 1970s to the 2000s, remarkably the dating curves from Robinson and Fleming as well as Hadlock are accurate across populations and over time. Separate dating curves for different populations do not appear necessary. 
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The significance of first trimester growth
Before the widespread use of first trimester ultrasound, it was generally accepted that embryonic/fetal growth was constant in the first trimester. It was believed that first trimester growth was largely determined by genetics and variation in fetal growth rates was only seen in the second and third trimesters. 22 However, more recent studies have indicated that first trimester growth varies among fetuses and may be a marker for adverse pregnancy outcomes and poor growth in the second and third trimesters. For instance, chromosomal abnormalities like trisomy 18 and triploids are associated with slow first trimester growth. 23, 24 A visible amniotic sac but a fetal size less than expected at seven weeks is suggestive of impending pregnancy failure. 3 Several studies have shown that smaller than expected CRL is associated with increased likelihood of miscarriage. 25−27 First trimester growth restriction may also be linked to adverse outcomes such as low birth weight and preterm delivery. 3, 22 An excellent example of this is the relationship between twin embryos in the first trimester and the later development of growth discrepancies. 28 A large multicenter trial assessing the performance of first and second trimester screening for Down syndrome in the United States (FASTER trial) 29 demonstrated a direct relationship between first trimester size and fetal growth in the third trimester. While the use of women who underwent ART assistance could be a strength of the study, due to issues of correct GA, this population clearly did not conceive spontaneously. Therefore this population may not be representative of the general population and may not accurately reflect normal growth. However, underscoring a true relationship between the first trimester growth and third trimester outcome is evidence that placental function in early pregnancy has a relationship to birth weight and fetuses that are smaller than expected in the first trimester are at increased risk for low birth weight. 30, 31 The authors concluded that since an association between first trimester growth and birth weight at or close to term in both spontaneously conceived pregnancies and in pregnancies conceived through ART were similar, the same finding would be unlikely to result from factors other than a common underlying mechanism. 22 The results of this and many other studies indicate that early first trimester growth is not constant and likely affected by a myriad of maternal and fetal influences and manifests more obviously in later pregnancy outcomes. Therefore, adverse outcomes may be predicted in early pregnancy by assessment of growth in the first trimester. 3 Furthermore, accurate dating is critical for an appropriate genetic screening, diagnosis, and subsequent management.
First trimester genetic screening, either alone or in sequential or integrated screening with second trimester analytes, relies on accurate dating and any inaccuracy would reduce its sensitivity, specificity, and its utility. 32, 33 Therefore, with the development of first trimester aneuploidy screening, the importance of reliable dating of the pregnancy has become even more paramount. 12 The use of the correct first trimester dating is crucial for further management decisions, including the invasive testing such as chorionic villus sampling and amniocentesis.
Conclusion
Accurate dating in the first trimester is becoming increasingly important. Many studies have been conduced examining the best biometric measurements to complete for accurate dating in the first trimester. Amazingly, over 30 years after the original research of Robinson and Fleming and over 10 years since the work of Hadlock, the CRL tables based on this original data have been validated repeatedly over different populations of women. This leads us to conclude that CRL is still the most accurate fetal measurement in the first trimester and that these dating curves are applicable across populations.
New research is being conducted looking at using threedimensional (3D) ultrasound and using fetal and gestational sac volumes rather than 2D measurements. This body of data is still forming and deserves review as well. However, 3D ultrasonography is not universally available. Gestational sac diameter is an option in very early pregnancies if no embryonic pole is visualized; however CRL is more accurate and is the preferred method. Monitoring gestational sac size in relation to the CRL may have more utility in predicting adverse pregnancy outcomes, but should not be incorporated into protocols formula at this time if CRL data are available.
The best evidence currently is that CRL should be used in the first trimester. The ideal time to date a pregnancy in the first trimester is when there is an embryonic pole to measure and before the CRL can vary due to fetal neck extension and flexion. Ideally, this time frame is between 8 and 12 weeks. Accurate dating in the first trimester will aid in reducing the incorrect diagnosis of post-datism and inappropriate induction of labor for this indication as well as improve counseling when faced with extreme prematurity with correct GA, optimize the sensitivity and specificity of first trimester serum and nuchal translucency screening, and allow us to more accurately assess growth in the second and third trimester, and hopefully improve care for women to allow them to have the best pregnancy outcomes possible.
